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0 Open-loop control of drug infusion. 

0 A method of determining a generalised infusion rate 
profile for the delivery of drugs into the circulation compris- 
ing the steps of: 

(a) infusing a drug at arbitrary but known rates into a 
group of patients for each of whom the Lean Body Mass has 
been determined; 

(b) determining the p!esm8 arterial concentration of the 
drug in each patient at a number of specific time intervals 
throughout each infusion period: 

(c) for each patient, estimating the rates of loss of drug in 
each patient at a number of specific time instants by dividing 
the known infusion rates per Lean Body Mass of these 
instants by the plasma arterial concentrations of the drug at 
each of these instants; 

id) calculating the average of the estimated rates of loss 
of drug from the circulation per Lean Body Mass unit at each 
specific lime interval for the group of patients; 

(e) interpolating the successive avarege points between 
the specific time intervals to produce an infusion profile; 

if) infusing said drug in accordance with said infusion 
profile determined from said interpolations into a group of 
patients for each of whom the Lean Body Mass has been 
determined, said infusion rate being scaled according to said 
Lean Body Mass of each petient. and 

(g) repeating steps (bl to if) until a desired steady plasma 
arterial content of the drug is substantially maintained 
throughout the infusion period. 
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1 of -ae drug by metabolism or excretion from the body may be 

2 obtained by: 

3 CI « dose/AUC 

4 where the plasma concentration/time curve 1s integrated 

5 (AUC) for up to three days following the administration of 

6 the dose of the drug, again see Glbaldi and Perrler, p 321). 

7 Once the coefficients of the decay curve and the 

8 clearance of the drug have been determined. 1t then becomes 

9 possible using mathematical transforms to create a 

10 mathematical model which simulates the distribution and 

11 elimination of the s ingl e dose of the drug. The model 

12 consists of compartments described in terms of their volume 

13 (eg. VI, V2 and V3)and rate constants (eg.k12, k21, k!3. k31 

14 and klO) for the movement of drug to and fro between the 

15 compartments (see Figure 2). The loss of drug from the 

16 system by detoxification or excretion being described either 

17 by an elimination rate constant or by the clearance of the 

18 drug from the particular patient. Such methods are fully 

19 described in many texts, particularly by Gibaldl and Perrler 

20 at pp45-m. 

21 Once such a mathematical model of the subject has been 

22 created it then becomes possible to design Infusion patterns 

23 in an attempt to achieve a -steady concentration. 

24 Earliest methods of Infusion have Involved the 

25 injection of a single dose of the drug followed by a 

26 constant rate infusion. The Infusion 1s used to counteract 

27 loss of drug by elimination while the single dose, based on 

28 the amount of drug required either, to reach the desired 

29 concentration in the initial volume of distribution (VI in 

30 Figure 2) or in the steady state volume of distribution (VI 

31 + V2 + V3 1n Figure 2), is used to establish an Initial 

32 concentration. Both these methods however Ignore the time 

33 related movement of drug between the compartments and have 

34 proved unsatisfactory for a many drugs, particularly 

35 anaesthetic drugs which are lost rapidly from the 

36 circulation. The situation Is compounded further for many 

37 anaesthetic drugs as they have very narrow ranges of safety 

38 making it highly desirably to hold concentrations close to 
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that desired by the oper.tor. 

V.rlous sppro.ches h.ve b.en described 1„ ,„ , tt t t 
•""»-• th. pr.blea of r.pld Us, of dr ug ». the tissues 
end the consequent, highly end.s1r.ble. fl„ctu.t1.„, 1„ 
blood ooncentretlon. SoB e ,.» 0 lv. either seb.tltutl.n of . 
short t.r. loedm, ,.»„,„ fer th , „ 

.r„.t1,e,y the .ddltlon of . .„„., lo.dm, ,.,„,.. t 
8 the bolus and maintenance doses. 

The most popular methods of' Infusion, however, utilize 
the coefficients of the compartment al model (F1gure * 
derived using the methods outlined above and averaged lor a 
number of patients to derive exponential Infusions. The 
parameters of the model are used as a basis, for calculating 
an infusion profile which will keep the concentration 
constant In th. central compartment of the model on the 
assumption that the patient will behave as the model. Such 
a method results In a mono- or poly exponent 1all y decaying 

: :t s es on t pr t: f1le *• * «•■•*■•* »t. : 

relates to the anticipated constant rate of elimination of 
the drug at a steady plasma concentration. The constant 
rate (assymptote) varies considerably between drugs, being 
determined by the ability of the patient to detoxify or 
excrete the drug. Such methods combining bolus, exponential 
decaying Infusion and maintenance rate Infusion have been 
described 1n theory by Kruger-Thlemer. E. ,„ -Continuous 
intravenous Infusion and multicompartment accumulation" m 
European Journal of Pharmacology. Pp 317-324. Volume 4. 
(1968) and by Vaughan. DP and Tucker. GT. m "General 
der vatlon of the Ideal Intravenous drug input required to 
achieve and maintain a constant plasma drug concentration. 
Theoretical application to llgnocalne therapy." i„ European 
Journal of Clinical Pharmacology. p P 433-440. Volume 10 

A practical use of the exponential method. 1„ 
Particular the use of a computer to perform the required 
transforms and control the rate of a drug delivery device, 
has been described by Schwllden H.. Schuttler 0.. Stoeckel 
and L8UVen P - M « "Strategies of Infusion for 
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1 Intravenous Anaesthesia" In Pharmacological Basis of 

2 Anesthesiology, eds Hengo M. and Cousins M.J.. Raven Press, 

3 1983. These authors describe a method where 1t 1s necessary 

4 to store 1n the memory of a computer averaged kinetic data, 

5 1e. the compartmenta 1 parameters shown 1n Figure 2 , for 

6 each drug as well as appropriate programs to perform the 

7 considerable mathematical operations required. Then, prior 

8 to an Infusion, the operator nominates the concentration 

9 required 1n the plasma of the subject. Then by a method, of 

10 the type described by Kruger-Thelmer, an Infusion pattern 1s 

11 computed as time passes, the magnitude of which 1s used to 

12 control the rate of a drug delivery device. 

•13 Various oth-er approaches to the generation of 

14 exponential infusions have been described which use 

15 pneumatic or electrical means. One such method 1s described 

16 by Stoffregen (German Patent Application OE 3227518 Al - 24 

17 Ouly. 1981) which produces a mono- exponential decay. This 

18 method while apparently novel 1n electronic technique uses 

19 the well known exponential method and further does not 

20 appear to offer any means of generating a polyexponent 1al 

21 decay. Also the method does not describe any means of 

22 adapting the Infusion rate to achefcve a nominated arterial 

23 plasma concentration of the drug or to vary the base rate of 

24 infusion in accordance with rate of elimination of the 

25 particular drug in use. 

2 6 SUMMARY OF THE INVENTION 

27 The present invention recognlzes:- 

28 (1) that conditions following a single dose, by comparison 

29 with those during an infusion may well be different, 

30 particularly for drugs that have a significant effect on the 

31 rate of flow of blood through the heart and to the various 

32 organs of the body, 

33 (11) that conditions of drug distribution and elimination 

34 are unlikely to be the same during an infusion at 
.35 therapeutic levels as they are during the hours and days 

36 following a single dose, 

37 (111) that therapeutic levels of a drug may affect the 

38 distribution of a drug to the various tissues, particularly 
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1 those where detoxification occurs, 

2 (1v) that single dose drug elimination curves may be quite 

3 Innacurate at the extreme ends so that the early part 

4 suffers because of extrapolation and the later part because 

5 of the extremely low drug levels involved which lead to 

6 errors 1n the assay, 

7 (v) that time related changes 1n the circulation may occur 

8 resulting 1n corresponding changes with time of the 

9 parameters of the kinetic model, 
(v1) that drugs which produce unconsciousness cause falling 

11 levels of adrenaline and other substances which Infturn 

12 alter circulatory and metabolic function, and 

13 (v11) that for an Infusion to be applicable to a wide 

14 variety of subjects and to be able to achieve a nominated 

15 level of the drug 1n a subject, some formal method 1s 

16 required to relate drug delivery to a measurable physical 

17 parameter which 1s widely applicable to subjects of varying 

18 age and morphology. 

19 Central to the approach used 1n this method 1s the 

20 development of a new concept 1n pharmacokinetics, the Plasma 

21 Drug Efflux. This concept simply stated is that at any 

22 instant, 1f the plasma concentration of a drug is neither 

23 rising nor falling, the rate of delivery of the drug to the 

24 circulation le. the infusion rate, must equate to the rate 

25 at which the drug 1s being lost from the circulation. It 

26 being unimportant whether the loss, is by distribution, 

27 metabolism or excretion. 

28 If, by way of illustration, the blood plasma 1s 

29 represented as a single compartment of undetermined volume 
the Infusion scheme may be represented as shown 1n Figure 3. 
Then 1f_drug 1s administered by some arbitrary infusion 
scheme Q(t), the plasma concentration 1s C(t) and the rate 
of drug loss from the plasma may be called the Plasma Drug 

34 Efflux, E p (t). 
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If the plasma drug concentration is constant so that 
the amount of drug 1s not changing then the Instantaneous 

37 rate of drug Influx to the plasma (the Infusion rate), and 

38 the Instantaneous concentration in the plasma may be used as 
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1 an e ( :1mate of drug efflux from the plasma, is an estimate 

2 of I.e.: 

3 E p » Ql / Cj 

4 The efflux estimate may then be plotted against time, 

5 and will essentially describe a dos 1ng-rate/concentrat1on 

6 profile as a function of time which will result 1n a plateau 

7 concentration for all time. 

8 In practice 1n applying this method 1t is not possible 

9 at first to achieve a constant plasma concentration as this 

10 1s, of course* the goal of the method. But it i^ possible 

11 by the use of very few Iterations ta closely approach this 

12 goal. 

13 Thus, according to the first aspects, the present 

14 invention provides a method of determining a generalised 

15 infusion rate profile for the delivery of drugs Into the 

16 circulation comprising the steps of: 

17 (a) Infusing a drug at arbitrary but known rates into a 

18 group of patients for each of whom the Lean Body Mass has 

19 been determined; 

20 (b) determining the plasma arterial concentration of the 

21 drug in each patient at a number of specific time Intervals 

22 throughout each infusion period; 

23 (c) For each patient, estimating the rates of loss of drug 

24 from the circulation at a number of specific time instants 

25 by dividing the known infusion rates per Lean Body Mass at 

26 these Instants by the plasma arterial concentrations of the 

27 drug at each of these Instants. 

28 (d) calculating the average of the estimated rates of loss 

29 of drug from the circulation per Lean Body Mass unit at each 

30 specific time interval for the group of patients; 

31 (e) interpolating the successive average points between the 

32 specific time Intervals to produce an infusion profile; 

33 (f) Infusing said drug in accordance with said Infusion 

34 profile determined from said interpolations into a group of 
.35 patients for each of whom the Lean Body Mass has been 

36 determined, said infusion rate being scaled according to 

37 said Lean Body Mass of each patient, and 

38 (g) repeating steps (b) to (f) until a desired steady 
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Plasma arterial content of the drug i s substantially 
maintained throughout the Infusion period. It must k 
3 emphasized that the shape of each Infusion prof e exce 

III V; St K " tH " be -*--...d entire b P 
5 the results obtained from the previous Infusion group anj 

7 methVd! Wathemat,Ca1 fUnCt1 ° n 18 ass ^ned or required by the 

* The invention also provides a method of Infusion of a 
drug Into a patient comprising the steps of: 

10 (1) determining the Lean Body Mass of the patient; 

11 (11) selecting a predetermined profile for the rate of 

2 delivery of drug, which rate varies with time and 1 S 

3 configured to maintain a selected substantially steady 

4 p asma arterial content of the drug 1„ the patient 

15 throughout an Infusion period; 

16 (111) scaling said predetermined profile by the 
" determined Lean Body Mass of the patient and by the desired 

substantially level arterial plasma concentration of drug to 
be maintained 1n the system of the patient, and 

21 17*1 ad ;; n1St6r1n9thed -9 to the patient 1n accordance 

21 w h said scaled profile by means of an Infusion device 

22 which is controlled to deliver said drug at said scaled 
Z3 Infusion rate profile. 

24 Still further the Invention provides a system for 

achieving the method of infusion comprising an i„ fus1on 
system for regulating the delivery of a drug to a patient 

eluding control means for controlling the operation of an 
infusion pump, said control means Including pre programmed 
mean S for varying the infusion rate with respect to elapsed 
time, said pre programmed means varying the Infusion rate 1n 
accordance with a profile which varies with time and which 
is adapted to maintain a desired substantially steady plasma 
arterial content of the drug throughout the infusion period 

35 de IrYd 3 " 1 " l'*" UhU >" U "* *>r setting the 
.35 des red concentration of said drug m the patient and for 

36 setting the Lean Body Mass of the patient, said scaling 

37 means causing modification of the pre programmed Infusion 

38 rate by a fixed proportion over each time period of 
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1 opera. Ion of said Infusion pump. 

2 The Invention also provides an Infusion apparatus by 

3 means of which the method and system may be realised, 

4 comprising an Infusion pump comprising means for receiving a 

5 syringe containing a fluid to be administered, syringe 

6 actuator means and means for driving said actuator means to 

7 move the plunger of said syringe to deliver fluid therefrom, 

8 characterised in that said drive means Includes a 

9 permanently maintained connection between said drive means 

10 and a position sensing device by means of which th£ position 

11 of said actuator means 1s monitored at all tiroes. 

12 BRIEF DESCRIPTION OF THE DRAWINGS 

13 A preferred embodiment of each aspect of the invention 

14 will now be described with reference to the accompanying 

15 drawings 1n which: 

15 Fig. 1 is a graph showing the basis of prior art 

17 methods of infusion; 

18 Fig. 2 Is a diagram showing the basis of the 

19 compartroental model of drug distribution and eliminations 

20 F1g. 3 is a diagram illustrating one model explaining 

21 the basis of the method of the present invention; 

22 F1g. 4 1s a graph showing the Plasma Drug Efflux data 

23 of a first group of patients to the drug thiopentone 

24 (thiopental); 

25 Fig. 5 is a graph showing the average of the data point 

26 1n Fig. 4 interpolated to produce, an Efflux profile; 

27 Fig. 6 is a graph showing the Efflux profile (b) after 

28 two iterations and the profile (a) based on the Kruger- 

29 Thiemer method; 

30 Figs. 7 and 8 are graphs showing the infusion rates 

31 required for patients of Indicated Lean Body Mass (LBM) and 

32 for different desired plasma concentrations for a single 

33 LBM; 

34 F1g. 9 1s the Plasma Efflux a profile for methohexltone 
.35 (methohexltal) after three Iterations; 

35 pig. 10 Is a graph of the arterial plasma concentration 

37 of methohexltone 1n a patient showing a substantially 

38 constant level at the desired concentration for the whole 
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1 period; 

2 Fig. 11 Is a perspective view of a preferred Infusion 

3 pump; 

4 Fig. 12 1s a plan view of the control panel of the pump 

5 of Fig. 11; 

6 Fig. 13 1s a block diagram of the control circuitry for 

7 the pump of Fig. 11; 

8 F1g. 14 is a section front elevation of the pump of 

9 Fig. 11 taken along the line 14-14 1n Fig, 11; 

10 Fig. 15 is a sectional elevation taken along the line 

11 15-15 in Fig. 14; | 

12 Fig. 16 Is a sectional plan view taken along th : e line 

13 16-16 1n Fig. 1 5; *nd 

14 Fig. 17 is a sectional end elevation taken along the 

15 line 17-17 in Fig. 14. 

16 DESCRIPTION OF PREFERRED EMBODIMENTS 

17 Describing first the preferred method of defining a 

18 generalised infusion rate profile as applied to anaesthetic 

19 drugs, the method comprises the steps of: 

20 (a) first determining the lean body mass (LBN) of a group 

21 of subjects. A convenient way of doing this 1n human 

22 subjects 1s to use the method described by Hallynck T.H. et 

23 al in "Should clearance be normalized to body surface of to 

24 lean body mass?" in British Journal of Clinical 

25 Pharmacology, p 523-526, Volume 11. (1981), who presented 

26 the following formulae:- 

27 Males: LBM = 1.10 x weight - 128 x (we1 ght 2 /height 2 ) 

28 Females: LBM « 1.07 x weight - 148 x (we1ght 2 /height 2 ) 



29 (b) Following administration of a suitable bolus dose of a 

30 desired drug to achieve unconsciousness, the drug is infused 

31 at an arbitrary but known rate throughout the Infusion. 

32 This arbitrary Infusion can be a constant rate Infusion, a 

33 stepped rate Infusion, an Infusion pattern derived using the 

34 compartmental (Kruger-Thiemer) technique described above or 
.35 an Infusion pattern derived by the present method for a 

36 different drug which 1s known to have similar properties to 

37 the drug under test. 

38 (c) From this Inital set of results and by knowing the rate 
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1 of 1nfrs1on throughout, whatever the pattern, as well as the 

2 sex, height and weight of each patient a set of data points 

3 can be obtained relating the infusion rate to the plasma 

4 arterial concentration at various tiroes (Figure 4). 

5 (d) By averaging the amplitude of the data points within 

6 specific time periods and interpolating the resulting points 

7 (Figure 5) an estimate of the Plasma Drug Efflux profile is 

8 thus obtained. 

9 This estimate of the Efflux, expressed in terms of 

10 rommtres of blood cleared of drug per minute pe| kilogram 

11 lean body mass thus becomes the prescription' for the 

12 infusion profile for the next group of subjects. 

13 (e) Then by usifig the same method of dosing but now 

14 applying the dosage in terms of the estimated Efflux of the 

15 drug and the LBM, plasma concentrations will approach a 

16 constant and desired level without any intervention on the 

17 part of the operator. 

18 (f) Iterations of this method may then be repeated three or 

19 four times 1f further precision 1s needed. 

20 This is thus a new Infusion profile which completely 

21 bypasses the conventional, single dose derived compartmental 

22 model described earlier 1n this specification. In doing 
23- this, a definition of the error for infusion dosing based on 

24 the conventional approach 1s also achieved. The rate 

25 profile 1s now derived under actual infusion dosing 

26 conditions, and is clearly a more valid approximation to the 

27 ideal Infusion function. 

28 Figure 6 presents a comparison between the curve of 

29 anaesthetic agent thiopentone (thiopental) for a 

30 conventional infusion rate function, based on the method of 

31 Kruger-Th1 emer labelled (a), with the derived Plasma Efflux 

32 profile after two iterations normalized for plasma level, 

33 and based on actual infusion data, labelled (b). 

34 A comparison of the curves shown in Figure 6 reveals: 
.35 (1) the rate of the new profile is much higher than the 

36 previous curve as time progresses, 

37 (11) the new profile is 10 to 20% higher In the early phases 

38 than the previous curve. 
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(111) the new profile 1s around 50-100% higher than the old 
curve from about 30 minutes onwards. 

The initial high level of the new profile Indicates 
that a much higher Initial Infusion rate 1s required, 
quickly forcing the plasma concentration to the required 
i level, then a rate which 1s about twice the conventional 
rate, thus holding the plasma concentration at the desired 
J level and Indicating the marked difference In the 
) circulation during this period from that predicted by the 
) Kruger-Thelmer method. 

I It must be appreciated that an Infusion rate that 1| 

half that actually required to achieve the desired level 
3 will result in approximately half the arterial plasma 
» concentration during that period of the infusion. 
5 As stated above, some drugs, particularly those used 1n 

anaesthesia, must be used within a narrow range of 

7 concentrations. If, for example, the concentration of 

8 methohexi tone (Fig. 10) moves from a normally desired level 

9 of 4 to 6 rag/1 to 10 mg/1 the severe depression of the heart 

0 and breathing may occur while a fall to below 3 mg/1 1s 

1 Hkely to result 1n wakening of the patient. 

2 As described above the plasma drug efflux profile 

3 presented 1n Figure 6 1s normalized to unit plasma 

4 concentration and unit patient lean body mass. 

5 In order to apply the data presented In Figure 6 to a 

6 practical Infusion device. 1t is necessary to multiply the 

7 amplitude of the plasma drug efflux curve first by a 

8 numerical value representing the size of the patient (Lean 

9 Body Mass), and secondly, by a numerical value representing 

0 the actual plasma concentration of the drug required by the 

1 operator. 

2 Figure 7 shows the actual Infusion rate required for 

3 applying the curve of Fig. 6 curve (b) to patients of 20, 

4 40. 60 and 80 kg LBM 1n order to achieve a steady plasma 

5 concentration of 1 mg/1 of thiopentone. It can be seen that 

6 the shape of the generalized profile for plasma drug efflux 
:7 remains the same as presented 1n Figure 6 curve (b)but that 
;8 the magnitude 1s altered throughout the profile 1n direct 
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1 proportion to the Lean Body Mass of the patient. 

2 Figure 8. demonstrates a further scaling operation of 

3 the curve of Figure 6 curve (b) where the actual infusion 

4 rates required for a 50 kg LBM pat1ent t 1n order to achieve 

5 steady plasma concentrations of 1. 5 t 10 and 20 mg/1 are 

6 presented. 

7 It is of Interest to note that 1n a further application 

3 of the technique of the invention to the anaesthetic agent 

* 

9 methohexitone (methohexital ) (Figure 9) that the Plasma Drug 

10 Efflux profile, derived from actual infusion data^ for this 

11 drug after three iterations bears little relationship to an 

12 exponential function, having two distinct humps. It is of 

13 further interest to note that an application of the Efflux 

14 profile of Figure 9 to generate an infusion in a typical 

15 patient (Figure 10) has resulted constant and desired 

16 arterial plasma drug concentrations over a period of five 

17 hours. The broken line in the Figure indicates the 

18 concentration desired by the operator. Similar results have 

19 been achieved on many patients with no material departures 

20 from the desired level in any patient. 

21 It will be appreciated that the above method may be 

22 used to derive similar Plasma Drug Efflux profiles for other 

23 anaesthic agents and for other drugs -where a desired level 

24 of the drug 1n the system of the patient is to be maintained 

25 over an extended period of time. 

26 While the most commonly used intravenous anaesthetic 

27 agents, thiopentone and me thotex i t one, have been used as 

28 examples, the methods, and the apparatus to be described 

29 below, are equally applicable to the administration of all 

30 intravenous anaesthetic agents including propofol, diazepam, 

31 midazolam and etomidate, as well as narcotic analgesics 

32 including morphine, pethidine, alfentanll, sufentanil, 

33 fentanyl and phenoperidlne. 

34 it will be appreciated from the above that the Efflux 
.35 profile may be used to control a programmable infusion pump 

35 so that a selected drug may be delivered to a patient 1n 

37 accordance with the profile, as scaled by the Lean Body Mass 

38 .of the patient and level of the drug desired by the operator 
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1 to be maintained m the system of the patient. The profile 

2 1s most suitably programmed Into a device capable of 

3 controlling the Infusion pump and since a different profile 

4 is required for each drug, this 1s most suitably achieved by 
- the use of a programed module which 1s Inserted by the 

operator Into the Infusion pump controller circuit. One 
preferred embodiment of such an Infusion pump will now be 
8 described. 

• 

By using the average rate 'of loss of the drug among 
different subjects against time an Infusion pattern 1s 

1 produced which approaches the optimal pattern. Th1s*new 

2 pattern may then.be applied to the next group of patients so 

13 that an Iterative process results whereby an optimized curve 

14 1s produced. 

15 • Referring now to Figs. 11 to 17, a preferred embodiment 
of the infusion pump for performing the drug infusion method 
and Its control circuitry 1s shown. The Infusion pump will 
be seen to comprise a casing 100 wlthm which the syringe 
drive and other mechanisms described below are located, the 
casing 100 Including a syringe cradle 101 having a central 
groove 102 for locating the body of a syringe and a slot 103 
for receiving and locating the syringe flange. A vertically 
moveable syringe holder and sizer 104 is positioned over the 
groove 102 and a syringe actuator 105. which 1 s driven by 
the syringe drive 1n a manner further described below to 
engage the syringe plunger to deliver fluid from the syringe 
at the rate determined by the syringe drive under the 
influence of its control circuitry. 

The casing 1s also provided with a front panel 106 
including the required Input keys and displays. The casing 
further includes a window 107 through which the name of the 
program drug appearing on a program module 108 which 1 S 
inserted into a receiving cavity 1n the casing 100 in the 

34 direction of the arrow, may be read. 

35 Referring now to Fig. 13. the front panel 106 will be 

36 seen to Include 4 four digit LCD displays 109. 110. Ill and 

37 112. The first display 109 1s associated with a first 
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1 messag-. displays for syringe concentration, patient 

2 concentration and dose given as well as the alternative 

3 measurement displays rag. rog/ml or rag/1. Thus when the 

4 relevant displays are Illuminated, the four digit display 

5 Indicates the level of the Illuminated parameter. 

6 The second display 110 is associated with a second 

7 sector 11 4 of the panel 1 06 which relates to the syringe and 

8 the rate of Infusion therefrom. The Infusion rate may be 

9 displayed 1n ml/m1n or ml/h by actuating an option switch 

10 Inside the casing 100. The volume 1n the syringe 1s 

11 displayed 1n ml. 

12 The third display 111 is associated with a third sector 

13 115 which displays patient data including 1 1 1 umi na tabl e 

14 displays which prompt the selection of male or female and 

15 prompt the inputting of the patients height and weight. A 

16 further option select switch 1s available to Indicate the 

17 height of the patient 1n Inches rather than in centimetres. 

18 The fourth display 112 1s associated with a fourth 

19 sector 116 which relates to elapsed time and also includes 

20 Uluminatable displays indicating the status of the battery, 

21 occlusion, malfunction and operator error. 

22 To the right of sector 116 a fifth panel 117 includes a 

23 key pad 118 for numeric entry including a cancelled button 

24 and an enter button. The panel 117 also includes five 

25 selection buttons selecting the functions: battery power, 

26 run. pause, reset and bolus. A battery charge level 

27 Indicator 119 is also provided 1n the front panel 106. 

28 Numeric entry Into any one of the displays 109 to 112 

29 1s achieved by scrolling through the data displays using the 

30 set button associated with the relevant panel sector 113 to 

31 116 followed by entry of the value by means of the key pad 

32 118. Once the desired value 1s displayed, the operator may 

33 press the enter button so that the value 1s entered Into the 

34 memory of the control circuitry to be described below. 

35 The Infusion pump 1s capable of operating at three 

36 levels: 

37 Level 1 - The rate of infusion is entered directly on 

38 the front panel and the pump will deliver any solution at 
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1 this rate only - or until the rate 1s manually changed. 

2 Level 2 - The rate can be set by a remote device such 

3 as a computer. The Infusion Pump will communicate with the 

4 remote device by means of an Isolated serial port. 
Level 3 - The rate of delivery of certain anaesthetic 

drugs 1s determined by the EPROM module 108 which 1s plugged 
Into the Infusion pump casing 100. This module will vary 
the rate with time and the relationship between these two 
factors will depend on the type of drug. Consequently, a 
separate module will be required for each drug type. 

The rate as read from the EPROM module 108 Us 

12 normalised, and the control unit will scale this to the 

13 patients sex. weight and height. These factors are entered 

14 on a front panel keyboard as described below. A serial port 

15 (Serial 1/0 option - Fig. 14) is an 'add-on' option capable 

16 of operating with or without an EPROM module plugged into 

17 the unit. Once appropriate control codes are sensed at the 

18 port, the unit will assume Level 2 operation. The serial 
port will also be capable of acting as a printer output for 
Level 1 or Level 3 operation. 

Referring now to Fig. 15 of the drawings, the control 
circuitry for the Infusion pump will now be described. 
Central to the control circuitry is a micro computer 120.' 

24 which 1n the present embodiment is a type 80C39, which 

25 operates in accordance with an operating program stored in 

26 EPROM 121. The EPROM 121 may form part of the micro 

27 processor 120, and such a micro processor is available 1n 

28 the form of an 80C48. The micro processor 120 controls the 

29 speed of the motor in the syringe drive to be described 

30 below via a M0SFET driver circuit 122. The voltage applied 

31 to the motor via the circuit 122 1s sensed by the line 123 

32 which 1s connected to an analog to digital convertor 124 

33 which also receives signals from feedback potentiometers 125 
and 126 which respectively monitor the position of the 
syringe actuator 105 In Figure 14, and Indicate the syringe 
size via movement of the syringe sizing arm 104. Each 
feedback potentiometer 125, 126 1s preferably a ten turn 50k 

38 ohm wire wound potentiometer since such potentiometers are 
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1 accurate, reliable and Inexpensive. An optical encoder 127. 

2 which forms part of the motor monitors the speed of the 

3 motor and feeds this data to the micro processor 120 so that 

4 the speed of the motor Is accurately controlled by the micro 

5 processor 120. 

6 A 6 MHz crystal clock signal generator 128 1s connected 

7 to the micro processor 120 to enable the necessary timing 
b functions to be performed. The micro processor 120 and the 
9 motor are powered by means of a battery 129 which is 

10 connected to the micro processor 120 and to the raptor drive 

11 circuit 122 via a DC-DC convertor 130 which removes any 

12 unwanted variations in the battery supply voltage. A 

13 charger 131 is provided to enable the battery 129 to be 

14 recharged. 

15 The micro processor 120 is. also connected to a switch 

16 132 positioned on the syringe actuator 105 with closure of 

17 the switch 132 indicating that the contact between the 

18 syringe actuator 105 and the syringe plunger has occurred. 

19 The switch 132 is preferably a single pole double toggle 

20 switch which indicates not only when contact between the 

21 syringe actuator 105 and the syringe plunger has occurred 

22 but also when disengagement between the syringe actuator 105 

23 and the syringe plunger has occurred. Although this 

24 arrangement is presently preferred. It is also possible for 

25 the micro processor 120 to sense w4»en the current drawn by 

26 the motor Increases and decreases, via line 123. so that the 

27 engagement and disengagement between the syringe actuator 

28 105 and the syringe plunger may be detected. 

29 The LCD displays 109 to 112 are connected to LCD driver. 

30 circuits 133 while the remaining indicator lamps and LED 

31 battery charge Indicator 119 are connected to lamp driver 

32 circuits 134. A warning buzzer 135 1s also provided for the 

33 purpose to be described further below. 

34 The operating program stored 1n EPR0H 121 causes the 

35 infusion pump to function 1n the following manner. 

36 At "power on" all displays are Illuminated for one 

37 second and then turned off. An Internal test sequence 1s 

38 performed in which the presence of the drug specific EPR0H 
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module 1, detected end any malfunction in the displays 1s 

Thereafter, the Initialisation sequence cogences In wh1c 

1t s T n9e , C r Centrat10nW d,SpUy 18 1"«1».t.d and he 
units m mg/ml i s displayed via the display 109 talclno 11 
usual concentration of the drug read from 'J \ V„ ' 
for example, thiopentone - 25 .,/.,, methohexitone 10 

fentenyl - 0.050 mg/ml. The operator may 
the set button in sector 113 .r'p.rf.r. the numeric ent" 
sequence for a desired syringe concentration value T e 

EPR0M or is altered by the operator, is stored 1„ memory to 
be used to scale- delivery of the drug containing fl u1d 
After entry of this data or after the set button 1s pre Id' 
the "patient concentration" display 1 11 u^nated a nd ^ 

vera e as read from the module 108 1s display d 
» 9 /l h 6 7 ; th1 °P-tone 10.0 mg/1 or methohexitone 5.0 
M/l- The delayed value nay be modified by the numeric 
entry sequence described above. The EPR0H module 108 stores 
an acceptable range of patient concentrations for ec„ dr 
f r example thiopentone 5-20 mg/1 and methohexitone 2-2 
rng/1. If values outside these ranges are entered then the 

patient concentration' display 1 5 flashed in all modes of 
operation until the value Is brought within the a On 
Pressing the set button or the enter button, entry to thl 
sector 1s complete and the first disolav on +k ! 
sector H4 ("load empty") is illuminated Syr1n9e 

and I 7 "! ° P6rat0r raiS6S Syr1n9e h ° lder and sizer 104 
and loads an empty syringe Into the syringe cradle 101 and 
presses the set button ,„ sector 114. The » 
activated and the syringe drive to be desc^e VurtH J 
below rao ves the syringe actuator 105 towards the emply 
syringe until closure of the switch 132 indicates contact 
and the position of the syringe actuator 105 1s stored 
the memory of the micro processor 120. This 1s the zero 
Position (plunger length) of that particular syringe Z 
syringe diameter as detected by the syringe holder a "si, 
104 through feedback potentiometer 126 1s also stored , the 
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1 meir-ry. If no syringe is loaded, the previously stored 

2 zero position and syringe diameter are assumed and the 

3 syringe actuator 105 1s driven fully to the left to await 

4 the loading of a filled syringe. 

5 The "load filled" display Is then illuminated and the 

6 operator loads a syringe and presses the set button. At 

7 this point, a comparison is made between the previous 
-'8 diameter and the new diameter and 1f a discrepancy of 

9 greater than + 2.5% 1s noted, the "load empty" display 1s 

10 Illuminated in order to calibrate for a new syringe. If the 

11 new diameter matches the old then the "volume" display Is 

12 Illuminated and the volume of the syringe computed from the 

13 diameter of the syringe and the displacement of the syringe 

14 actuator 105 from the zero position is displayed at 110 and 

15 stored in the memory of the Infusion device in order to 

16 adapt plunger movement to deliver the required volume as 

17 deterlned by other calculations. As an optional safety 

18 feature, the operator may be required to enter the loaded 

19 volume of the new syringe and if the entered value differs 

20 by more than + 10% of the previously computed value, the 

21 calibration procedure is recommenced from "load empty". 

22 It has been found that the variation in wall thickness 

23 of commerically available syringes of similar Internal 

24 diameters is insignificant when regard is had to the error 

25 tolerance in the volume of drug which may be infused into a 

26 patient as well as the acceptable error 1n the formulation 

27 of the drug solution. Accordingly, the diameter measurement 

28 which is made by the syringe holder and sizer 104 is 

29 sufficiently accurate to provide the necessary volume 

30 measurement during the infusion process. 

31 After the filled syringe is loaded and the syringe 

32 actuator 105 is 1n contact with the syringe plunger, the 

33 "sex H=0 F«1" display is Illuminated followed by the 

34 "height" and "weight" displays in sequence for numeric entry 

35 of the values relating to the particular patient to be 

36 treated. If the operator wishes to enter the patient height 

37 in inches, the Internal switch is actuated. The operator 

38 enters these patient parameters, the Lean Body Mass is 
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1 calculated, displayed on display 111 and stored 1n the 
> memory of the device for use 1n adapting Infusion rates to 
the particular patient. Once the patient data entry 1 $ 
completed, the set button Is pressed and the display n 2 
will scroll through the values entered 1n sector 116 at 
which time any value may be changed by the numeric entry 

7 procedure. 9 

8 After the patient data has been entered, all displays 

9 should be blanked except for the time which will show 00:00. 

0 At this stage, the elapsed time may be preset using the 

1 numeric entry sequence In the event that the pump nelds to 

2 be restarted wjtbln an Infusion sequence. The zero elapsed 

3 time or the operator preset time 1s Indicated on display 1 12 

14 and stored 1n the memory of the device for use 1„ 

15 determining the point to start reading the Infusion pattern 
When the patient 1s ready for treatment, the run button 

1s pressed with the elapsed time Incrementing, except during 
activation of the pause button, and shown on display 112 
The syringe display 110 will show the delivery rate in 
ml/mm or ml/h 1f the option switch has been actuated. The 
patient display 111 indicates the Lean Body Mass of the 
patient in kg calculated by the formula referred to above 
The drug display 109 Indicates the accumulated dose of drug 
administered to the patient. 

Whenever the pause button 1s pressed, the time dock 
stops operation and the syringe display 110 Indicates the 
total volume delivered since commencement of operation and 
the volume display is illuminated. The patient display 
remains unaltered while the drug display 109 Indicates the 
dose given since the previous reset or commencement, the 
dose given display being illuminated at the same time 
It should be emphasised that by virtue of the syringe sizing 
,.33 mechanism and the plunger sensing switch of the device the 

5 su m U T\\ ed V ° 1UBe d0$eS d1S > la * ed ■«! represent the 
.35 sum of all syringes loaded whatever the volume or size of 
36 syringe used. Change of any display can occur at this point 

11 appropr1ate set b «tt°" If the syringe 

38 holder and sizer 104 1s lifted or the syringe actuator 105 
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1 1s meed, the syringe sequence recommences at the "load 

2 filled" point. 

3 If the bolus button 1s pressed at any time, the syringe 

4 and drug displays are Immediately zeroed and drug delivery 

5 commences at a rate of the order of 1 ml/sec for a 50 ml 

6 syringe, the display "dose given" 1s Illuminated and the 

7 progressive volume delivered 1s displayed at 110 1n ml. On 

8 release of the bolus button, the syringe display reverts to 

9 a display of the running rate, the drug display 109 shows 

10 the sum of the bolus and the previous dose whlle^the time 

11 display reverts to the previous mode. 

12 Pressing the BAT button causes illumination of the LED 

13 display 119 to Indicate the condition of the battery. 

!4 if either the syringe switch 132 or the syringe holder 

15 and sizer 104 is moved to a new position for more than two 

16 seconds, the syringe actuator 105 is driven to the left and 

17 the syringe set sequence 1s recommenced at the "load filled" 

18 point. If an occlusion is detected by a sudden Increase 1n 

19 the drive current to the motor, via line 123, the syringe 

20 actuator 105 is driven to the left until the switch 132 1s 

21 disengaged, whereupon the "occlusion" display 1s illuminated 

22 and the buzzer 135 actuated. The detection of occlusion 1s 

23 related to a diameter of the syringe, detected by the 

24 syringe sizing mechanism so that the larger drive current 

25 required for larger syringes will not cause a false 

26 occlusion alarm. One way of achieving this is to store data 

27 relating to the maximum force required to move a syringe at 

28 various rates in use and to scale this force in accordance 

29 with the detected diameter. 

30 Occlusion of the drug delivering conduit' by a tap 

31 represents considerable danger to a patient 1f a highly 

32 potent drug Is contained In the syringe and the tap 1s 

33 suddenly opened while under pressure. The three features of 

34 adjusting occlusion pressure detection to the measured 
.35 syringe diameter, backing of the drive once overpressure 1s 

36 detected and sounding the alarm after the pressure is 

37 removed are specifically designed to lessen this risk. 

38 Illumination of the "malfunction" display occurs 
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- 1 whenever any form of malfunction 1s Identified and the 

2 buzzer 135 1s actuated. Similarly, the "operator error 1 * 

3 display !w1ll be 1 11 um1 nated . 1n the event of an operator 

4 error being detected, such as, pushing forward manually on 

5 the drive mechanism when the drive mechanism 1s connected or 

6 the entry of Incompatible syringe sizes for a given LBM. 

7 Syringe to patient Incompatibility 1s determined by 



8 calculating the ratio of the Lean Body Mass of the patient 

9 to the sensed diameter of the syringe and relating this 

10 ratio to the rate fluid 1s to be delivered. It being 

11 recognized that considerable Inaccuracy will result £ f a 

12 very large syringe 1s used with a very small patient. 

13 As mentl oned- above, three levels of operation maybe 

14 selected and the level of operation determines the rate at 

15 which the fluid 1n the syringe 1s delivered and this rate 

16 continues, as programmed, unless any one of the following 

17 occur: 

18 the bolus key 1s depressed. 

19 an occlusion occurs. 

20 a system malfunction occurs. 

21 the plunger 1s manually pushed forward to administer 

22 more fluid (as sensed by the plunger position potentiometer 

23 125). The switch 132 shows the plunger is disengaged. 

24 the syringe size potentiometer 126 indicates a change 

25 in reading, or 

26 the pause key is pressed. 

27 In Level 3 operation, an infusion pattern stored in the 

28 EPROH 108 1s followed by the Infusion pump. The pattern is 

29 drug dependent and a separate module 108 is used for each 

30 type of drug. Typical infusion patterns for thiopentone and 

31 methohexitone are shown 1n F1gs. 6 and 9 of the drawings and 

32 are described in greater detail above. The rate odrug 

33 deli very stored in the module 108 1s scaled by the Lean Body 

34 Mass data entered 1n the manner described above as well as 
.35 by the desired concentration data entered by the operator. 

36 The effect of this scaling is clearly shown In Figs. 7 and 8 

37 of the drawings which Indicate drug delivery rate in terms 

38 of the dose delivered per minute. The volume of drug 
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1 containing fluid which roust be delivered 1s further scaled 

2 m accordance with usual concentration of the particular 

3 drug 1n the syringe which 1s read from the drug specific 

4 EP ROM 108 or entered by the operator during the 

5 initialization sequence. Then using the result of these 

6 previous calculations the actual mopveraent of the syringe 

7 actuator is scaled in proportion to the syringe diameter as 

8 determined by the syringe sizing mechanism. 

9 During Level 3 operation, a bolus is automatically 

10 administered at time 00:00 unless the operator Indicates, 

11 via keyboard input, that a bolus has been previously 

12 administered. 

13 This starting bolus is administered at a rate 

14 determined by data stored In the EPR0M module 108, the 

15 volume administered being scaled according to the entered 

16 Lean Body Mass desired concentration and the concentration 

17 of drug 1n the syringe. The amount delivered 1s displayed 

18 at 109 with the "dose given" display Illuminated. 

19 During normal operation additional drug may be 

20 administered by pressing the bolus key and will continue at 

21 the rate described above for as long as the key 1s 

22 depressed. 

23 Referring now to Figs. 14 to 17 of the drawings, the 

24 syringe drive mechanism will now be described 1n greater 

25 detail. 

26 The drive motor M 1s preferably an ESCAP DC gear motor 

27 type MA1616 C11 with 243:1 gear ratio and B type optical 

28 encoder. The output shaft of motor M 1s fitted with a 

29 toothed or knurled drive wheel 300 and the motor 1s mounted 

30 on a pivoted arm 301 (Fig. 16) which is pivoted towards Its 

31 "drive engaged" position under the influence of a spring 

32 302. The drive wheel 300 engages a polyurethane drive ring 

33 303 which encircles a driven wheel 304 which transmits drive 

34 through a shaft 305 to a toothed drive head 306. A toothed 
.35 drive belt 307 engages the drive head 306 and also passes 

36 around a similar toothed drive head 308 spaced from the 

37 drive head 306 at the opposite end of the casing 100. Both 

38 drive heads 306, 308 are mounted in bearings on a frame 309 
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1 and the drive head 308 1s drivlngly connected to the 

2 position feedback potentiometer 125 which 1s supported below 

3 the frame 309 1n the manner shown (Fig. 14). It should be 

4 appreciated that the belt drive may be replaced by a chain 

5 or similar flexible drive although the belt drive 1s 

6 preferred for practical reasons. 

7 A permanent driving connection 1s effected between the 

8 drive belt 307 and the syringe actuator 105 by means of belt 

9 clamp 310 having a connector plate 311 which 1s 1n turn 
attached to a slider 312 which Is connected to the syringe 
actuator 105 by means of tubes 313, 314 surrounding afpalr 

12 of spaced parallel guide rods 315, 316 which extend 

13 longitudinally of the casing .100 and Into the syringe cradle 

14 101. Both the slider 312 and the syringe actuator 105 are 
provided with bearings 317, 318 which engage the guide rods 
315, 316 to facilitate sliding movement of the slider 312 

17 and the syringe actuator 105. The tubes 313, 314 engage 

18 seals 319 1n the syringe cradle 101 to prevent Ingress of 

19 foreign matter Into the casing 100. 
It will be appreciated from the above that a permanent 

driving connection 1s maintained between the belt 307 and 
the syringe actuator 105 so that the position potentiometer 
125 1s at all times able to accurately sense the position of 
24 the syringe actuator 105. In other words, there Is not in 
25 
26 
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the present embodiment of the Invention, as 1n some prior 
art infusion pumps, the ability to disconnect the drive 
27 between the syringe actuator and the driving mechanism 
28 
29 
30- 



However, 1t is possible to disengage the drive wheel 300 
from the driven wheel 304 to enable easy manual movement of 
the syringe actuator 105 during loading and unloading of a 



31 syringe. 

32 In the present embodiment, drive release 1s achieved by 

33 manually depressing push buttons 320, 321 mounted 1n the 

34 syringe actuator 105. The buttons 320, 321 extend from the 
.35 ends of arms 322, 323 which 1n turn extend from mounting 

36 sleeves 324, 325 which surround the tubes 313, 314 and are 

37 fixed to Impart rotation thereto by means of grub screws 326 

38 when the buttons 320, 321 are depressed. It will be 



850503, tnbspe. 008, patent85. uni , 



- 24 ~ 0164904 

1 appreciated from the above that the tubes 313, 314 are free 

2 to rotate in both the syringe actuator 105 and the slider 

3 312. 

4 Drive release actuating cams 327, 328 are attached to 

5 tubes 313, 314 by means of grub screws 329 and are located 

6 within the slider 312. The cams 327, 328 are positioned to 

7 contact a motor release bar 330 (Figs. 16 and 18) which is 

8 in the form of a bell-crank lever having its pivot extending 

9 longitudinally of the casing 100. The other arm 331 of the 

10 bell-crank lever is attached by a link 332 |Figs. 16 and 17) 

11 to the pivoted motor mounting plate 301. Thus by depressing 

12 the buttons 320, 321, with one hand, the tubes 313, 314 are 

13 rotated to bring th'e cams 327, 328 into contact with the 

14 motor release bar 330 which pivots the plate 301 to the left 

15 . in Fig. 17 to move the drive wheel 300 out of engagement 

16 with the rim 303 of the driven wheel 304. When thus 

17 released, the syringe actuator 105 may be freely moved along 

18 the guide rods 315, 316 although by virtue of the permanent 

19 connection to the drive belt 307, the position sensing 

20 potentiometer 125 continues to register the position of the 

21 syringe actuator 105 at all times. 

22 It will be appreciated that motor release may be 

23 achieved with only one button and associated tube and cam 

24 mechanism. 

25 Referring now to Figs. 14 and 17, the syringe holder 

26 and sizer 104 will be seen to comprise a clamping arm 340 

27 mounted on a vertically extending shaft 341 supported for 

28 vertical sliding movement by frame members 342, 343 and 

29 biased towards a clamping position by means of compression 

30 spring 344 engaging a flange retainer 345 attached to the 

31 shaft 341. At its lower most end, the shaft 341 has an 

32 element of toothed drive belt 346 attached thereto and a 

33 light biasing spring 347 is attached to the other end of the 

34 belt 346 to maintain it in engagement with a gear wheel 348 
.35 keyed to the shaft of the syringe sizing potentiometer 126. 

36 In this way the syringe holder and sizer 104 operates to 

37 clamp the syringe in the syringe cradle 101 and causes the 

38 sizing potentiometer 126 to transmit a syringe size signal 
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1 to the micro processor 120 via the analog to digital 

2 convertor 124. 

3 The'ratmg of the spring 302 1s selected so that the 

4 driving gear 300 will S H P on the rim 303 of the driven 

5 wheel 304 1n the event that a severe occlusion occurs and 

6 the syringe plunger does not move Into the syringe. Of 

7 course 1n most Instances, the micro processor 120 will sense 

8 an excessive Increase 1n motor current and will stop the 

9 'motor M. 
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1 What j claim 1s: 

2 1. A method of determining a generalised Infusion rate 

3 profile for the delivery of drugs Into the circulation 

4 comprising the steps of: 

5 (a) infusing a drug at arbitrary but known rates into a 

6 group of patients for each of whom the Lean Body Mass has 

7 been determined; 

8 (b) determining the plasma arterial concentration of the 

9 drug in each patient at a number of specific time Intervals 

10 throughout each infusion period; £ 

11 (c) for each patient, estimating the rates of loss of drug 

12 from the circulation at a number of specific time instants 

13 by dividing the kn-own infusion rates per Lean Body Mass of 

14 these instants by the plasma arterial concentrations of the 

15 drug at each of these instants; 

16 (d) calculating the average of the estimated rates of loss 

17 of drug from the circulation per Lean Body Mass unit at each 

18 specific time interval for the group of patients; 

19 (e) interpolating the successive average points between the 

20 specific time intervals to produce an infusion profile; 

21 (f) Infusing said drug in accordance with said infusion 

22 profile determined from said interpolations into a group of 

23 patients for each of whom the Lean Body Mass has been 

24 determined, said infusion rate being scaled according to 

25 said Lean Body Mass of each patient, and 

25 (g) repeating steps (b) to (f) until a desired steady 

27 plasma arterial content of the drug is substantially 

28 maintained throughout the infusion period. 

29 2. The method of Claim 1, wherein said drug is an 

30 anaesthetic agent and each patient In each group is first 

31 given a bolus dose of said drug sufficient to produce an 

32 appropriate Initial arterial blood concentration. 

33 3. The method of Claim 2, wherein said initial 

34 predetermined rate of Infusion is selected from a constant 
.35 rate Infusion, a step rate infusion, an infusion profile 

36 derived using the Kruger-The1 mer Compartmental Model, and an 

37 infusion pattern derived by the method according to Claim 1 

38 for a different drug which is known to have properties 
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1 similar to the drug under consideration. .V 

2 4. A method of infusion of a drug Into a patleivi 

3 comprising the steps of: 

4 (1) determining the Lean Body Mass of the patient; ! i ; : . * 

5 (ii) selecting a predetermined profile for tb f ate-vftf ^ 

6 delivery of drug, which rate reduces with tfrae anl. 1:s * 

7 configured to maintain a selected substant iafll^y st^'^y 

8 plasma arterial content of the drug in the pati^rHfe.. 

9 throughout an infusion period; 

10 (iii) scaling said predetermined profi:le| by .|i»e 

11 determined Lean Body Mass of the patient and by the dM^ed 

12 substantially level of drug to be maintained in the systeiij 

13 of the patient, ai*d 

14 (iv) administering the drug to the patient 1 n accordance \ : j 

15 with said scaled profile by means of an infusion device \ 

16 which 1s controlled to deliver said drug at said scaled 

17 infusion rate profile. 

18 5. The method of Claim 4, wherein said predetermined drug 

19 delivery rate profile is stored in a storage device which 

20 controls said infusion device at a rate which 1s subjected 

21 to said scaling. 

22 6. The method of Claim 5, wherein said storage device is a 

23 programmable read only memory which co-operates with a micro 

24 processor to control said infusion device. 

25 7. An infusion system for regulating the delivery of a 

26 drug to a patient, including control means for controlling 

27 the operation of an infusion pump, said control means 

28 including pre programmed means for varying the infusion rate 

29 with respect to elapsed time, said pre programmed means 

30 varying the Infusion rate in accordance with a profile which 

31 varies with time and which is adapted to maintain a, desired 

32 substantially steady plasma arterial content of the drug 

33 throughout the infusion period, and operator adjustable 

34 scaling means for setting the desired concentration af said 

35 drug 1n the patient, for setting the Lean Body Mass of the 

36 patient, said scaling means causing modification of the pre 

37 programmed Infusion rate by a fixed proportion over each 

38 time period of operation of said infusion pump. 

! . » 
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1 8. The system of Claim 7, wherein said pre programmed 

2 means comprises a read only memory module containing said 

3 profile relating to the drug to be administered, said 

4 control means Including a port for receiving said module. 

5 9. The system of Claim 7 or Claim 8, 1 ncludl ng operator 

6 adjustable sealing means for setting the concentration of 

7 said drug 1n a fluid containing said drug. 

8 10* The system of Claim 8, wherein said preprogrammed read 

9 only memory module contains Information related to the drug 

10 to be delivered* Including the usually prescribed 

11 concentration of the drug 1n a fluid containing sufeh drug. 

12 an average plasma concentration for achieving an effect 1n 

13 the patient with the drug and an acceptable range of plasma 

14 concentrations of the drug. 

15 11. An infusion pump comprising means for receiving a 

16 syringe containing a drug containing fluid to be 

17 administered, syringe actuator means and means for driving 

18 said actuator means to move the plunger of said syringe to 

19 deliver fluid therefrom, characterised in that said drive 

20 means includes a permanently maintained connection between 

21 said drive means and a position sensing device by means of 

22 which the position of said actuator means is monitored at 

23 all times. 

24 12. The pump of Claim 11, wherein said drive means 

25 comprises a motor and a drive train driven by said motor, 

26 said drive train Including said permanently maintained 

27 connection, and means for disconnecting drive between said 

28 motor and said drive train to enable said actuator means to 

29 be freely moved whilst maintaining said permanent connection 

30 so that the position of said actuator means 1s monitored. 

31 13. The pump of Claim 12, wherein said drive train Includes 

32 a driven wheel, a driving head connected to be driven by 

33 said driven wheel, a further driving head spaced from said 

34 driving head and a flexible driving connection 

35 Interconnecting said driving heads so that said further 

36 driving head Is positively driven by said driving head. 

37 14. The pump of Claim 13, wherein said flexible driving 

38 connection comprises a toothed belt, the teeth of which 



850503, tnbspe. 008, patent85. unv, 



- 29 - 01 64904 

1 positively engage teeth formed on «1d driving heads. 

2 15. The pump of Claim 14. wherein said permanently 

3 maintained connection comprises a plate clamped to said belt 

4 and rigidly secured to means for moving said actuator means. 

5 16. The pump of Claim 15. wherein said position sensing 

6 device comprises a rotary potentiometer driven by said 

7 further drive head, the output of said potentiometer being 

8 connected to control circuitry for said motor whereby the 

9 position of said actuator means is sensed. 

10 17. The pump of Claim 12, wherein said m*ans for 

11 disconnecting drive between said motor and said drive train 

12 comprises manually actuatable means on said actuator means. 

13 18. The pump of- Claim 17, wherein said means on said 

14 actuator means comprises at least one depresslble lever 

15 which causes actuation of a further lever which disengages 

16 said motor from said drive train. 

17 19. The pump of Claim 18. wherein said motor is mounted on 

18 a pivoted arm to which a bell-crank lever is connected by a 

19 linkage said bell-crank lever being actuated by depression 

20 of said at least one lever. 

21 20. The pump of Claim 19, wherein said actuator means 

22 supports two manually operable levers which are in turn 

23 connected to tubes rotatably mounted in the actuator means 

24 and slldeably supported by guide rails, said tubes also 

25 being rotatably mounted in a slider spaced from said 

26 actuator means and to which said permanently maintained 

27 connection 1s attached, said tubes supporting cams which 

28 engage a motor releasing lever when said levers carried by 

29 said actuator means are manually depressed to disengage said 

30 motor from said drive train. 

31 21. The Infusion pump of Claim 11, further comprising a 

32 syringe holding and sizing means 1n the form of a syringe 

33 clamp to which a sizing mechanism 1s connected. 

34 22. The pump of Claim 21. wherein said sizing mechanism 

35 comprises a rotary potentiometer, the output of which is 
connected to control circuitry for said pump whereby the 
diameter of the syringe 1s automatically measured thereby 
enabling the calculation of the volume of said syringe. 
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1 23. The pump of Claim 11, further comprising control 

2 circuitry for said pump which controls the rate of delivery 

3 of said drug containing flu.ld, said control circuitry 

4 Including a programmable module which 1s pre programmed with 

5 Information concerning each drug to be administered by means 

6 of said Infusion pump according to a predetermined profile 

7 which varies with time and which maintains a desired 

8 substantially steady level of the drug 1n the patient to 

9 whom the drug containing fluid 1s delivered. 

10 24. The pump of Claim 23 f wherein said control circuitry 

11 further comprises means for scaling the programmed^ prof 1le 

12 1n said module 1n accordance with the estimated Lean Body 

13 Mass of the person, the desired level of drug to be 

14 maintained 1n the person. 

15 25. The pump of Claim 11, further comprising a switch 

16 mounted on said actuator means and positioned to engage the 

17 plunger of a syringe supported by said pump, said switch 

18 being connected 1n control circuitry for said pump to 

19 indicate that the actuator means has engaged a syringe 

20 mounted on said pump. 

21 26. The pump of Claim 23, wherein means 1s provided for 

22 varying the rate of delivery of said drug containing fluid 

23 in accordance with a variation in the concentration of the 

24 drug 1n the fluid. 

25 27. The pump of Claim 26, wherein means is provided for 

26 entering a variation 1n the concentration of the drug in the 

27 fluid. 

28 28. The pump of Claim 11, comprising means for displaying 

29 the quantity of drug Infused. 

30 29. The pump of Claim 11, including means adapted to detect 

31 a pressure greater than a predetermined required to deliver 

32 fluid 1s detected. 

33 30. The pump of Claims 22 and 29 and adapted to vary said 

34 predetermined pressure in relation to variation In syringe 
,35 size. 

36 31. The pump 6f Claim 25 and 27 and adapted to determine 

37 that an overpressure has been released. 

38 32. The pump of Claims 11, 22 and 25, Including means for 
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1 detecting a syringe replacement, a variation and syringe 

2 size and means adapted to store an accumulation of drug 

3 dosage consequent on syringe replacement and/or variation of 

4 syringe size. 
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